Angiosarcomas are rare malignant vascular tumors with a high rate of metastasis involving lungs (most commonly), liver, regional lymph nodes, bone, and other sites. In this study, we have reviewed the clinical presentation and histopathology of 21 cases of extracutaneous angiosarcoma metastatic to the lungs. Tumors with exclusively pleural involvement were excluded. Patients presented with dyspnea, chest pain, and/or hemoptysis lasting a few weeks to months. Radiologically, the most common finding comprised multiple peripheral lung nodules (57%), often accompanied by infiltrates. For 11 cases (52%), the primary tumor was not identified at the time of presentation. Vasoformative areas were identified in 15 cases (71%). Nine cases comprised spindle cells (43%), two contained epithelioid cells (9.5%), and 10 consisted of both spindle and epithelioid cells (48%). Nuclear pleomorphism was at least moderate in all cases. However, five tumors contained regions of minimal nuclear atypia. Hemorrhage, siderophages, and fibrosis were commonly present. Immunohistochemical staining (IHS) was performed on 14 cases. Thirteen tumors showed reactivity for vascular markers. Tumor cells reacted for Von Willebrand factor in 13 of 14 cases, and CD31 and CD34 were each positive in 2/2 cases. Two cases (of nine examined) also expressed cytokeratins. Because the tumor often first presented in the lungs before the primary sarcoma was identified, the clinical impression included both benign and malignant entities. For patients with primary cardiac tumors, symptoms referable to the primary tumor complicated the clinical presentation, and radiologic evaluation supported a clinical diagnostic impression of non-neoplastic pericarditis. Thus, angiosarcoma in the lung may elude diagnosis until histopathologic evaluation of the lung biopsy.
This study of noncutaneous angiosarcomas metastatic to the lungs was performed to determine the most common site of origin (where this knowledge was available), the range of clinical presentations, and the histologic differential diagnosis that would occur based on the appearance of the pulmonary lesions. Primary angiosarcomas exhibit a variety of histologic appearances that may mimic carcinoma, other sarcomas, melanoma, and even benign reactive processes (1) . Metastatic lesions in the lungs may assume growth patterns that might provoke strong consideration of other diagnoses (2) . Because the tumor is relatively rare, only a few series of angiosarcomas metastatic to the lungs have been published, the largest comprising 15 patients treated at the Mayo Clinic from 1950 to 1990 (3) . For this study, cases were collected from consultation practice files. Noncutaneous angiosarcomas were specifically selected to further define patient demographics and primary site of metastatic angiosarcoma not derived from the skin.
MATERIALS AND METHODS
The consultative files of the authors were searched for cases of angiosarcoma in the lungs seen between 1989 and 1997. Cases with a known primary tumor in the skin or that comprised entirely pleural-based, metastatic lesions were excluded. Twenty-one cases had hematoxylin and eosin-stained tissue sections available for review. The specimens comprised 18 open lung biopsies, two lobectomies, and one combination open lung biopsy and autopsy sampling of involved lung. Two to 55 slides were examined by the authors (average of 3.6 slides per case). In 10 more recent cases, representative sections of tumor were evaluated by means of immunohistochemical staining (IHS). Formalin-fixed, paraffin-embedded tissue sections were deparaffinized in xylene, subjected to a series of graded alcohols for rehydration, and then placed on a DAKO Autostainer automated stainer (DAKO, Carpenteria, CA) using the following antibodies: von Willebrand factor (DAKO), CD31 (Qbend10, DAKO), CD34 (DAKO), AE1/AE3 cytokeratins (DAKO), and S-100 protein (DAKO). Tissues were pretreated with steam heating in citrate buffer for enhanced antigenicity. Four cases received in consultation were accompanied by immunohistochemical stains performed at the outside institution. These IHS slides were reviewed, and positive internal controls were present to assess for adequate reactivity of vascular and epithelial antibodies.
RESULTS
The patient demographics, presenting signs and symptoms, and treatment are summarized in Table  1 . All patients were adults, comprising 17 men and three women (sex unknown in one case). Age ranged from 27 to 71 (n ϭ 20), with a median age of 47.8 years. Follow-up information was obtained for 16 patients: 15 patients succumbed to their disease with an average time of survival of 39 weeks after lung biopsy (range 2-206 weeks). The surviving patient had widespread metastases 38 months after presentation. Survival for the 10 patients with a known primary (three patients lost to follow-up) ranged from two weeks to 206 weeks, with an average of 46 weeks. Survival for the 11 patients with no known primary (three patients lost to follow-up) ranged from four weeks to 64 weeks, with an average of 19 weeks. Two-year crude survival percentages for those with known primary was 28% (seven cases) and for those with no known primary, it was 0% (eight cases).
Presenting symptoms were obtained for 13 patients. Of these, nine presented with hemoptysis with or without dyspnea, fever, and/or chest pain. After hemoptysis, dyspnea was the most common patient symptom, (7/9) followed by chest pain and fatigue (2/9 each). One 33-year-old man with diffuse bilateral infiltrates also presented with fever. Radiologic findings most commonly consisted of nodules or nodular infiltrates (12/18), which were usually bilateral. The second most common pulmonary pattern comprised bilateral infiltrates without nodularity (5/18 cases). All four patients with a known pericardial angiosarcoma also exhibited a pericardial effusion radiologically (4/4) . No pericar- dial effusion was identified in the four patients with a known cardiac parenchymal angiosarcoma (0/4). The primary histologic features and immunohistochemical staining results of the cases are presented in Table 2 . In all cases, tumor foci were peripheral, multiple, and generally formed nodules. Peripheral lung septae or the subpleural interstitium were involved in all cases (Fig. 1) . Tumor extended into surrounding pulmonary alveoli to varying degrees. Lymphangitic spread, when present, usually, but not exclusively, involved septal lymphatics and vessels (Fig. 4A) . Circumferential growth around small vessels and bronchioles was noted in seven cases (32%; Fig. 4B ). This growth pattern often resulted in tumor thrombi or bronchiole obstruction when tumor penetrated through the walls of the structure. Vasoformative regions were identified in 15 cases (71%). These regions consisted of anastomosing channels lined by mildly to markedly atypical tumor cells. These channels often contained red blood cells (Figs. 3, A-B , and 5A). Solid growth occurred in 17 cases (77%; Fig. 2 ). Fresh hemorrhage, clusters of siderophages, and extracellular hemosiderin deposition occurred both within tumor nodules and in immediately adjacent lung parenchyma (Fig. 5B) .
Ten of the patients had a known primary tumor at the time of lung presentation (10/21, 48%); of these, eight of the primary angiosarcomas were cardiac/pericardial, one was retroperitoneal, and one was mediastinal in location. Eleven patients had no known primary angiosarcoma at the time of presentation (11/21, 52%). Initial clinical diagnostic impressions included pericarditis, vasculitis due to a collagen vascular disease, interstitial pneumonia, sarcoidosis, and metastatic adenocarcinoma (n ϭ 13). The initial pathologic interpretation included the following benign entities: bronchiectasis with healed pneumonia (three cases), idiopathic pulmonary hemosiderosis (two cases), and eosinophilic granuloma (one case). Thus, 6 of the 19 cases (32%) for which an initial pathologic interpretation was obtained consisted of benign entities. Malignant entities favored on the initial pathologic interpretation included angiosarcoma (six cases), high-grade adenocarcinoma (three cases), Kaposi's sarcoma (two cases), malignant fibrous histiocytoma (one case), and epithelioid hemangioendothelioma (one case). Six of the 19 cases (32%) were initially interpreted on microscopic review as angiosarcoma. Nuclear grade 1 ϭ uniform nuclei with minimal nuclear shape variation, inconspicuous nucleoli; nuclear grade 2 ϭ moderate variation in nuclear shape and size; Nuclear Grade 3 ϭ marked pleomorphism and/or vesicular nuclei with macronucleoli and/or irregular chromatin clumping. VonWF, Von Willebrand Factor; Ker, Keratin; N/P, not performed; AE1/AE3, AE1/AE3 keratins; VIM, vimentin. Cytologically, the tumor cells were either spindle or round to polygonal (epithelioid) in shape (Fig. 6 , A-B). Ten cases contained a mix of spindled and epithelioid cells. Nine cases were exclusively composed of spindle cells, and two cases were composed of epithelioid cells only. The nuclear to cytoplasmic ratio ranged from generally low in spindle cells to progressively higher for high-grade epithelioid cells. The cytoplasm was lightly eosinophilic, and intracytoplasmic lumina consistent with incipient vessel development was rare (Fig. 6A) . Although five cases disclosed areas of minimal nuclear atypia consisting of small, oval nuclei with mild nuclear hyperchromaticity, all cases had at least one focus of higher grade tumor comprising cells with moderate to severe nuclear pleomorphism (including multilobulation, marked hyperchromaticity, coarse chromatin, and irregular nuclear borders with sharp-angled notching). High grade epithelioid cells commonly contained large, vesicular nuclei with macronucleoli ( Fig. 6B) . Multinucleated tumor giant cells were identified in several cases. Mitotic figures were typically easy to find, and high-grade foci contained cells with atypical division figures.
Immunohistochemically, of 14 cases evaluated, 13 exhibited reactivity for at least one vascular marker. Von Willebrand factor (Factor VIII-related antigen) was positive in 13 of 14 cases where it was used (93%), as were CD31 and CD34 in two of two cases. These cases comprise archival specimens; therefore, CD31 and CD34, recently recognized as useful identifiers of vascular differentiation, were not employed in most of the specimens. Two epithelioid tumors showed strong cytoplasmic staining for AE1/AE3 cytokeratins. However, the same cells also reacted with antibodies to von Willebrand factor.
DISCUSSION
Discovering metastatic angiosarcoma in a lung biopsy is often the initial manifestation of the disease and an unexpected finding in an appreciable percentage of patients with occult extracutaneous angiosarcomas. Metastatic angiosarcoma is usually not a clinical consideration at the time of presentation of these patients. The clinical impression includes benign entities, especially thromboembolic disease and alveolar hemorrhage syndromes, or malignancies such as metastatic adenocarcinoma. In the present study, the initial clinical impression also included pericarditis, vasculitis as a complication of a collagen vascular disease, interstitial pneumonia, sarcoidosis, and metastatic adenocarcinoma (n ϭ 13). Although it is a rare tumor, extracutaneous angiosarcoma most commonly metastasizes to the lungs, and the metastasis rate is at least 50% (number of primary tumors, 266; number of cases with metastases, 136 [51.1%]; 1, 4 -6). In this study, the cases in which a primary tumor site was discovered consisted of the pericardium (four cases), heart (four cases, right atrium location), and one each in the retroperitoneum and mediastinum.
Although this study consists of cases culled from a consultation practice, thereby possibly increasing the number of lesions for which there was no known primary at the time of presentation, other series have found a similar high rate of initial diagnosis occurring with the lung biopsy (3, 7) .
Presenting symptoms in this patient group are similar to those reported in other series: hemoptysis, dyspnea, chest pain, or cough, although in one study, weight loss was noted in 40% (6/15 cases; 3, 7, 8) . In some instances, tumor metastases have caused hemopneumothorax or diffuse alveolar hemorrage (8) . In the present study, the pulmonary symptoms culminated in the patients undergoing lung biopsy. In 12 cases, interpretation of the biopsy findings was made more challenging because of the lack of a known diagnosis of primary angiosarcoma.
Radiologically, pulmonary metastases of angiosarcoma most often comprise bilateral, peripheral nodules, a typical distribution pattern for metastatic tumors to the lungs (2). However, other findings may include a miliary pattern of spread, diffuse alveolar filling, diffuse interstitial infiltrates with a ground glass distribution, pneumothorax, pleural effusions, and solitary endobronchial mass (2, 7, 9) . In many instances, there is a combination of bilateral nodules and another finding such as infiltrates which was the finding in our series (3). The radiologic differential diagnosis may consist of infection, metastatic tumor of unknown primary site, multiple pulmonary emboli, Wegener's granulomatosis, Goodpasture's syndrome, and idiopathic pulmonary hemorrhage.
In the current series, the most common known primary site was the heart (including the pericardium). Other series of angiosarcomas metastatic to the lungs concur that the heart and pericardium are the most common sites of origin, once cutaneous angiosarcoma is excluded (7, 9) . Angiosarcoma is one of the more common primary malignant tumors of the heart comprising up to one third of the cases (10) . Nearly all cardiac angiosarcomas arise in the right atrium or interatrial septum (10, 11) . Patients are generally younger compared with individuals with angiosarcomas originating elsewhere; a study of 12 cardiac angiosarcomas found a mean age of 38 years contrasted to a mean age in the 60s for soft tissue angiosarcomas and of 63 years for angiosarcomas arising in the head and neck (n ϭ 32; 1, 4, 6).
Presenting symptoms of cardiac/pericardial angiosarcomas without lung involvement can be virtually identical to those of patients with angiosarcoma metastatic to the lungs. These symptoms include dyspnea, hemoptysis, chest pain, and malaise (10, (13) (14) . However, more localizing symptoms may also occur such as a friction rub, diminished heart sounds, tamponade (if a pericardial effusion is present) and angina, arrhythmias, and heart block (if the tumor infiltrates the myocardium; 15). Unfortunately, cardiac/pericardial angiosarcomas are often not diagnosed until late in the disease course (14) . Reasons for delayed diagnosis of primary cardiac angiosarcoma encompass the rarity of the tumor compared with benign causes of pericarditis and pericardial effusions, the relative young age of the patients and thus low clinical suspicion of malignancy, the presence of a pericardial effusion that is often bloody but may be negative for malignant cells by cytology, and the sometimes lack of specificity of the symptoms (14, 15) . In this series, four patients with pericardial effusions were at first thought to have nonneoplastic disease, the workups of whom included two negative bloody pericardial fluid cytology exams, and two patients were initially treated with prednisone for presumed pericarditis.
By the time that open lung biopsy is performed and reveals metastatic angiosarcoma, the patients have high-stage disease, and the prognosis is grave. In their series of 15 patients treated at the Mayo Clinic from 1950 -1990, Patel and Ryu (3) recorded an average survival time of nine months after diagnosis of metastatic angiosarcoma. Adverse prognostic factors portending a more aggressive course in angiosarcomas from all sites include larger size (five cm in one study), older patient age (seventh vs. fourth decade or younger), mitotic rate greater than or equal to 10 division figures per 10 high-power microscopic fields, Ki-67 reactivity of at least 10% in tumor cells, and high histologic grade (1, 6, 16, 17) . DNA diploidy does not predict a benign course (5) .
There are no histologic features of pulmonary metastases of angiosarcoma that provide clues to the site of origin. The majority of the metastases in this series of patients exhibited a mixed pattern of growth such as solid and vasoformative, a phenomenon also observed in primary angiosarcomas arising from diverse sites (1, 6 -9, 18). The cytologic findings of pure or mixed spindle and epithelioid cells are no different from those of the cellular populations that compose primary angiosarcomas arising throughout the body.
Immunohistochemical antibody markers of endothelial differentiation can elucidate the nature of a vasoformative tumor and distinguish it from its histologic mimics. Antibodies used to detect endothelial differentiation are directed against von Willebrand factor (Factor VIII-related antigen), CD31 glycoprotein, (platelet endothelium cell adhesion molecule, PECAM-1) and CD 34 protein (human hematopoietic progenitor cell antigen; 19 -20) . Ulex europeaus lectin stains endothelial cells but also a variety of carcinomas, thus hampering its usefulness in distinguishing between vascular and epithelial neoplasms (21) . Although CD31 antibody labels a variety of hematopoietic cells (platelets, megakaryocytes, plasma cells), it rarely stains epithelial tumors and mesotheliomas and then only in a cytoplasmic rather than the more specific membranous pattern (19) . CD34 antibody also decorates a number of cell types ranging from fibroblasts to smooth muscle cells, meningothelium, and adipocytes (19) .
Comparisons of the sensitivity and specificity of these IHS markers in staining angiosarcomas reveal that, in general, anti-von Willebrand factor and anti-CD31 are the most specific antibodies in detecting a vasoformative phenotype (19 -22) . In less differentiated areas, antibody to CD31 is more sen-sitive than anti-von Willebrand factor (20, 22) . CD34 antibody is less reliable in decorating cells that line lymphatic channels and therefore may not be reactive in malignant sarcomas with lymphatic lining cell differentiation (23) . A recent review of these markers comparing them to thrombomodulin in 50 vascular and lymphatic tumors and malformations (including eight angiosarcomas) found that thrombomodulin antibody more consistently stained lymphatics and was more sensitive than CD31 in staining angiosarcomas (24) .
Angiosarcomas presenting in the lungs may be misinterpreted as a variety of other tumors or as benign processes. In the latter circumstance, this may be compounded by the fact that alveolar hemorrhage or pulmonary emboli is the leading clinical diagnostic consideration. There are four groups of lesions to include in the differential diagnosis: 1) thromboembolic disease, 2) alveolar hemorrhage syndromes, 3) benign vasoformative lesions (pulmonary capillary hemangiomatosis and diffuse pulmonary lymphangiomatosis), and 4) malignancies associated with intravascular or perivascular growth or that produce pseudovascular spaces (see Table 3 ).
In this study, the initial pathologic interpretations included infarct multiple theromboemboli, idiopathic pulmonary hemosiderosis, bronchiectasis with healed pneumonia, eosinophilic granuloma, and malignancies including high-grade adenocarcinoma, malignant fibrous histiocytoma, epithelioid hemangioendothelioma, Kaposi's sarcoma, sarcoma not otherwise specified, angiosarcoma intravascular lymphoma, and melanoma.
Benign entities were considered because the metastatic foci disclosed one or more of the following features at low to intermediate power: a wedgeshaped, subpleural mass that was fibrotic and/or hemorrhagic, an intra-alveolar proliferation of spindle cells with fibrosis and inflammation, intraalveolar acute hemorrhage with siderophages, and intravascular deposits of spindle cells and fibrin. At high power, however, neovascularization formed by cytologically atypical cells, solid growth, intravascular deposits containing atypical cells, or invasive growth by atypical cells could be appreciated. The degree of cytologic atypia and/or invasive growth thus precluded diagnosis of a benign entity. In particular, the presence of malignant vessel formation and the marked degree of cytologic atypia excluded Kaposi's sarcoma and epithelioid hemangioendothelioma, whereas immunohistochemical staining results confirming the endothelial nature of the malignant cells excluded the other malignancies in the differential.
Organizing hemorrhage and hemorrhagic inflammatory conditions in the lungs show more air space organization and less nuclear pleomorphism and are associated with extensive fibrosis and inflammation in the surrounding lung parenchyma, a feature unusual in metastatic angiosarcoma. Numerous siderophages may be seen with both benign hemorrhage and metastatic angiosarcoma (7, 9) . Rarely, diffuse alveolar hemorrhage (DAH) may occur secondary to the angiosarcoma metastases (8, 18) . It is therefore prudent to carefully search for evidence of tumor in a case that otherwise, at low power, exhibits characteristics of DAH.
Diffuse pulmonary lymphangitic spread of carcinomas is a pattern of metastasis that most commonly occurs with stomach, breast, and prostate carcinomas; melanoma; and angiosarcoma (2, 7). The presence of vasoformative areas and reactivity for one and often multiple endothelial markers distinguishes angiosarcoma from the other tumors with lymphangitic spread. Rarely, a carcinoma may diffusely embolize to small pulmonary arteries and arterioles, a condition known as carcinomatous arteriopathy or pulmonary tumor thrombotic microangiopathy. Patients may present with dyspnea and other signs of chronic pulmonary hypertension. This pattern of metastasis is rare and is usually diagnosed at autopsy. Carcinomas most commonly associated with this arteriopathy are those from the stomach, pancreas, breast, liver, and placenta. Histologically, there is widespread thrombus formation comprising a fibrocellular intimal proliferation; multiple tissue sections may be required to find the malignant epithelial cells. Sarcomatoid carcinomas of the lung may histologically contain areas that appear to form vascular channels (26) . In the several cases reported, however, each pseudovascular carcinoma also contained foci of identifiable squamous cell carcinoma (26) . Immunohistochemical staining in pseudovascular areas reveals epithelial marker reactivity but no staining for endothelial antigens in the tumor cells. It is conceivable that a sarcomatoid carcinoma with nearly complete malignant mesenchymal metaplasia could arise in the lung and be difficult to distinguish from metastatic angiosarcoma; such tumors with endothelial differentiation have been tentatively described in the thyroid gland but not in the lungs (21, 26) . Undifferentiated carcinoma is usually more architecturally monotonous than metastatic angiosarcoma and by IHS will show reactivity for epithelial markers rather than endothelial antigens.
Melanoma may resemble epithelioid angiosarcoma and often contains a mixture of spindle and epithelioid cells of moderate to high nuclear grade; small biopsies of metastatic melanomas may be amelanotic (27) . However, a vasoformative pattern of growth has not been described, and the reactivity of melanoma to antibodies to S-100 protein, HMB45, and MelanA 103 protein is dissimilar to the IHS profile of angiosarcoma.
Kaposi's sarcoma differs from metastatic angiosarcoma in that it usually is not as nodular, does not show intravascular growth (growth is primarily perivascular), and is not as cytologically atypical (9, 25) . Pulmonary artery sarcoma, with an incidence one-fifth that of primary cardiac sarcomas, is extremely rare and usually lacks the hemorrhage and necrosis of metastatic angiosarcoma (9) . The histologic appearance of pulmonary artery sarcoma varies and encompasses malignant bone and cartilage formation, for example, so corresponding immunohistochemical results may reveal positivity for a greater array of antigens than are seen in angiosarcomas (25, 28) . Most commonly, pulmonary artery sarcoma is composed of fibroblastic or myofibroblastic malignant spindle cells; angiosarcomatous differentiation is rare (28) .
Epithelioid hemangioendothelioma (EHE, previously termed intravascular bronchoalveolar tumor) is a low-grade sclerosing angiosarcoma. It most commonly occurs in women under the age of 40 (25) . Like high-grade metastatic angiosarcoma, EHE often forms multiple bilateral nodules in the lungs. However, grossly the nodules are much less hemorrhagic with a typical translucent, gray appearance resembling hyaline cartilage. Microscopically, the epithelioid hemangioendothelioma is composed of balls of cells embedded in a myxohyaline or myxochondroid matrix. Tumor cells are cytologically bland in contrast to high-grade angiosarcomas, and they contain well-defined cytoplasmic vacuoles, a feature seen less uniformly in higher grade angiosarcomas (25, 29) . A few EHE may exhibit greater nuclear atypia and an unusually high mitotic rate; such cases may be difficult to distinguish from high-grade metastatic angiosarcoma (25) .
Intravascular lymphomatosis, which comprises intravascular growth of a large-cell lymphoma, predominantly of B-cell lineage, also enters into the differential of metastatic angiosarcoma (9) . The vessels involved are usually capillaries, whereas angiosarcomas may grow within a range of vessels, usually larger in caliber (25) . Lymphoma cells remain confined within the vessels, whereas a heterogeneous mixture of growth patterns is common in angiosarcomas. Interestingly, there may exist a rare form of angiosarcoma that is entirely intravascular, a true neoplastic angioendotheliomatosis. Lin and coworkers (30) recently reported two cases in which the tumor was intravascular, in multiple organs including the lungs, and comprised tumor cells reactive for at least two endothelial markers. Therefore, even though the far likelier diagnosis for an exclusive intravascular population of atypical cells is lymphoma, carcinoma, or melanoma, immunohistochemical evaluation of such lesions should include endothelial markers if there is no IHS reactivity characteristic of the more likely causes. In cases of intravascular lymphomatosis, IHS will reveal the hematopoietic nature of the malignant cells, with staining for B-cell markers and panleukocyte markers such as CD19, CD20 and leukocyte common antigen (LCA; 31).
In summary, this study of 21 extracutaneous angiosarcomas metastatic to the lungs indicates that the pathologist may be the first physician to render the diagnosis. The heart and pericardium are common sites of origin, with symptoms that are often not site specific or are mistaken for an inflammatory process. Many patients first present with lungrelated symptoms. At the time of lung biopsy, 11 patients had no known primary site of origin, and angiosarcoma was not a clinical consideration. The radiologic features most commonly comprise multiple peripheral lung nodules suggestive of metastatic tumor, but a variety of patterns may occur. This also leads to a broad clinical etiologic differential. Open-lung biopsy is often required to make what is commonly an unsuspected diagnosis.
